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In this study, we summarized the major phenotypic/functional aspects of circulating leukocytes following canine immunization with Leishvaccine and Leishmune ® . Our findings showed that Leishvaccine triggered early changes in the innate immunity (neutrophils and eosinophils) with late alterations on monocytes. Conversely, Leishmune ® induced early phenotypic changes in both, neutrophils and monocytes. Moreover, Leishvaccine triggered mixed activation-related phenotypic changes on T-cells (CD4 + and CD8 + ) and Blymphocytes, whereas Leishmune ® promoted a selective response, mainly associated with CD8 + T-cell activation. Mixed cytokine profile (IFN-␥/IL-4) was observed in Leishvaccine immunized dogs whereas a selective pro-inflammatory pattern (IFN-␥/NO) was induced by Leishmune ® vaccination. The distinct immunological profile triggered by Leishvaccine and Leishmune ® may be a direct consequence of the distinct biochemical composition of these immunobiological, i.e. complex versus purified Leishmania antigen along with Bacillus Calmette-Guérin (BCG) versus saponin adjuvant. Both immunobiologicals are able to activate phagocytes and CD8 + T-cells and therefore could be considered as a putative vaccines against canine visceral leishmaniasis (CVL).
© 2011 Elsevier B.V. All rights reserved.
Introduction
The visceral leishmaniasis is a disease in high expansion throughout the world, especially in Brazil. The vertebrates hosts recognized as reservoirs are limited to mammals 0165-2427/$ -see front matter © 2011 Elsevier B.V. All rights reserved. doi:10.1016/j.vetimm. 2011.02.007 belonging to the family Canidae, being dogs the most relevant reservoir. The canine visceral leishmaniasis (CVL) is clinically characterized by a wide-ranging clinical signs related to high anti-leishmanial antibody levels and lack of a cell-mediated response. Leishmania are intracellular parasites and, under immunodeficiency conditions, they multiply and migrate from lymphoid tissue to other organs, displaying severe clinical and pathological changes which could lead to animal death (Reis et al., 2010) .
The large number of CVL cases and the intense skin parasitism make them the main source of sand fly vectors infection and therefore to humans, featuring an antropozoonotic profile of the disease (Abranches et al., 1991; Moreno and Alvar, 2002) . Therefore the current strategy for managing the disease control is based on seropositive dogs elimination, as well as a systematic treatment of human cases and vector control (Tesh, 1995) .
Despite of dog's euthanasia is the major strategy for disease control, it is not widely acceptable, mainly by dog owners (Dantas-Torres, 2006) . However, most studies focusing on dog therapeutic strategies have failed to achieve a consistent parasitological cure in CVL (Noli and Auxilia, 2005; Baneth and Shaw, 2002) . In this context, the development of a protective vaccine against CVL is a promising tool to CVL control and also in human visceral leishmaniasis (Gradoni, 2001; Dantas-Torres, 2006) . In last decades several anti-CVL vaccine candidates have been proposed. These formulations include live/killed Leishmania parasites (crude parasite extract/first-generation), purified Leishmania antigens or live recombinant bacteria expressing Leishmania antigens (purified antigens/second generation) as well as antigen-encoding DNA plasmids (third generations) (Gradoni, 2001; Palatnik-de-Sousa, 2008 Costa et al., 1992; Palatnik de Sousa et al., 2001; Mayrink et al., 2002; Borja-Cabrera et al., 2004) . Regardless both immunobiologicals have been shown to elicit putative protection against CVL, the precise immunological events underlying the immunoprophylactic mechanisms remain to be elucidated and still require extensive investigation. There is generally a consensus that the cytokine microenvironment plays a central role in Leishmaniasis pathogenesis outcome (Vanloubbeeck and Jones, 2004; Barbiéri, 2006; Carrillo and Moreno, 2009) . Immunological studies have shown that a type-1 response is crucial to the establishment of protective mechanism and control the pathogenesis of Leishmania infection, whereas activation of type-2 cytokine profile results in the progression of the disease. In murine model, IFN-␥ and IL-4 have been already reported as a relevant hallmarks of these two poles of the immune response, as they are associated with protection and susceptibility to Leishmania infection, respectively (Aguilar-Torrentera and Carlier, 2001) . The main effector mechanism involved in protective immune response in dogs infected with Leishmania is macrophage activation by IFN-␥ to kill intracellular amastigote parasite forms mediated by nitric oxide production (Pinelli et al., 2000) . In this context, immunobiologicals based on Leishmania antigens can be used to elicit the protective type 1 immune response which is a pre-requisite to create a successful CVL vaccine.
Herein we have characterized the phenotypic and functional aspects of peripheral blood leukocytes after different vaccination protocols with Leishvaccine and Leishmune ® . The aim of the current study was to investigate, using a cross-sectional methodology, the cytokine profile of circulating T-cell subsets, besides the level of nitric oxide synthesis by peripheral blood monocytes after Leishvaccine and Leishmune ® vaccination.
Materials and methods

Animals and vaccination regimens
This study was approved by the Ethical Committee for the use of Experimental Animals of the Fundaç ão Oswaldo Cruz, Brazil (CEUA -P-01/09-4). All procedures in this study were according to the guidelines set by the Brazilian Animal Experimental College (COBEA). Prior all animals were treated for intestinal helminthic infections and immunized against parvovirosis, leptospirosis, distemper, parainfluenza and hepatitis. All animals have received unrestricted access to balanced food (Purina ® , São Paulo, Brazil) and water given ad libitum and were maintained in quarantine before the inclusion in the study. The dogs inclusion criteria were negative serological results in the enzyme-linked immunosorbent assay (ELISA, Biomanguinhos, FIOCRUZ, RJ, Brazil) for CVL used as a reference standard diagnosis test. Following these criteria, twenty four healthy German shepherd dogs (16 males and 8 females), age ranging from 18 to 60 months [18 months (4 males and 4 females), 30 months (3 males and 2 females), 42 months (5 males) and 66 months (4 males and 2 females)] were included in this study and maintained at the kennel of Minas Gerais Militar Police, Brazil during the entire experimental procedures. Dogs were divided into two groups named Leishvaccine and Leishmune ® . Dogs in the Leishvaccine group (8 males and 4 females, with age ranging from 18 to 66 months) were immunized throughout a complete vaccination regimen that included three subcutaneous doses of the vaccine with an interval of 21 days between each. The first dose corresponded to 0.6 mL of Leishvaccine (360 g of protein) plus 0.4 mL of Bacillus Calmette-Guérin-BGC (400 g of protein) as adjuvant. The second dose corresponded to 0.6 mL of Leishvaccine (360 g of protein) plus 0.3 mL of BGC (300 g of protein) as adjuvant. The third dose corresponded to 0.6 mL of Leishvaccine (360 g of protein) plus 0.2 mL of BGC (200 g of protein) as adjuvant.
The animals vaccinated with Leishmune ® (8 males and 4 females, with age ranging from 18 to 66 months), that has saponin as adjuvant, had a complete vaccination regimen as recommended by the manufacturer (FortDodge ® , Campinas, SP, Brazil), which included three subcutaneous doses of 1 mL of vaccine with an interval of 21 days between each dose.
Immunobiological tools
Leishvaccine consisted of Leishmania (L.) amazonensis (strain IFLA/BR/1967/PH8) antigenic preparation obtained as described by Mayrink et al. (1996) and using BCG as adjuvant (Fundaç ão Ataulfo de Paiva, RJ, Brazil).
The Leishmune ® was composed of lyophilized Leishmania donovani purified fucose mannose ligand-FML (1.5 mg) and saponin as adjuvant (0.5 mg) and was reconstituted in 1 mL NaCl 0.9% sterile saline solution and administered subcutaneously. The Leishmune ® is registered as a Patent: INPI number: PI1100173-9 (18.3.97) . Federal University of Rio de Janeiro, Brazil.
Blood samples
The samples were collected from the radial vein by trained professional at the kennel of the 4 • Cia da Polícia Militar de Minas Gerais, Brazil. Peripheral blood samples (5 mL) were collected in vacutainer tubes containing EDTA as anticoagulant in four consecutive periods, referred as: before vaccination (T0) and after the 1st (T1), 2nd (T2) and 3rd (T3) dose of each vaccine. The blood samples were always obtained 7 days after each dose, in order to investigate the immunological events triggered after each immunization procedure. Additional blood samples (10 mL) were collected using vacutainer tubes with sodium heparin at T0 and 40 days after the last dose (T4). The samples were maintained at room temperature from 1 h and up to 12 h prior to processing.
Monoclonal antibodies
Monoclonal antibodies to cell surface markers able to indentify major and minor leukocytes subsets have become available for studies in canine models. In this study we have elect a set of such cell surface marker considering relevant in the context of immunoprophylaxis against CVL, including CD4 to identify canine neutrophils, CD14 to quantity the monocytes, CD3, CD4, CD5 and CD8 to analyze T-cell subsets, CD21 to identify B-cells. The expression of CD4 by canine neutrophils is without precedent in other mammalian species; the functional significance of neutrophil CD4 expression is still puzzling in the light of the current understanding of the functions of CD4 as the receptor for non-polymorphic regions of MHCII molecules (Moore et al., 1992) . The analysis of these leukocytes subpopulations was performed by flow cytometry, using a range of fluorescent labeled monoclonal antibodies, including anti-canine CD3-RPE 1:10 (mouse IgG1, clone CA17.2A12), anti-canine CD4-FITC or RPE 1:320 (rat IgG2a, clone YKIX302.9), anti-canine CD5-FITC 1:160 (rat IgG2a, clone YKIX322.3), anti-canine CD8-FITC or RPE 1:40 (rat IgG1, clone YCATE55.9), anti-human CD14-PE-Cy5 1:40 (mouse IgG2a, clone TuK4) and anti-canine CD21-RPE (B-cell) 1:160 (mouse IgG1, clone CA2.1D6). Several cell surface markers related to immune activation, cellular migration and regulatory events have been well described in several mammalians hosts (Barclay et al., 1997) .
Monoclonal antibodies to cell surface markers related to activation, migration and immunoregulation events have become available for studies in canine models. In this study we have elect a set of such cell surface marker considering relevant in the context of immunoprophylaxis against CVL, including CD18, CD32 and MHCII. The CD18 cell surface antigen is virtually expressed by all leukocytes, but more strongly upon monocytes and granulocytes than upon lymphocytes. The expression of this molecule is mostly involved in cell adhesion, migration and chemotaxis. The CD32 is a cell surface receptor for IgG Fc portion expressed by monocytes, granulocytes and B-cells and mediates several immunological functions including phagocytosis and immunomodulation of IgG secretion by B-cells. The MHCII molecules are relevant cell surface markers that participate in the presentation of extracellular antigen and mediate the cell-cell interaction with CD4 + Tcells. Particularly in the dog immune system, all peripheral blood leukocytes (PBL) including all T-cells, B-lymphocytes and macrophages express MHCII (Cobbold and Metcalfe, 1994) . In the present investigation, this select set of cell surface marker was used to explore the events of activation, cellular migration and immunoregulation anti-CVL vaccination, using anti-canine MHCII-FITC 1:80 (rat IgG2a, clone YKIX334.2), anti-human cross-reactive with canine CD18-RPE 1:6 (rat IgG2b, clone YFC118.3) and anti-human cross reactive with CD32-FITC 1:6 (mouse IgG1, clone AT10), respectively.
Additionally, mAbs cross-reactive with canine cytokines were used for intracytoplasmic staining, including antibovine IFN-␥-PE (clone CC302) and anti-bovine IL-4-PE (clone CC303), all purchased from Serotec (Oxford, UK).
It is relevant to note that all anti-human and anti-mouse antibodies used in our study have dog's cross reactivity as described by manufactory.
Canine blood leukocytes immunophenotyping
Flow cytometric immunophenotyping analyses were carried out using the peripheral blood collected with EDTA from all animals included in this study (n = 24). Samples collected at T0, T1, T2 and T3 were processed as follow: 30 L of each sample and the same volume of fluorochromelabeled anti-canine cell surface marker mAbs previously diluted in PBS-0.5%BSA (phosphate buffered saline 0.15 M, pH 7.2 supplemented with 0.5% of bovine serum albumin and 0.1% of sodium azide) were incubated for 30 min at room temperature (RT) protected from light. After that, the erythrocytes were lysed by adding 3 mL of lysis solution (FACS brand lysing solution; Becton Dickinson San Diego, CA, USA) followed by incubation for 10 min at RT. The leukocytes were then washed twice with 2 mL of PBS (phosphate buffered saline 0.15 M, pH 7.2) and centrifuged at 400 × g for 10 min at RT. Then, the labeled cells were fixed for 30 min at RT, with 200 L of FACS FIX solution (10 g/L paraformaldehyde; 10.2 g/L sodium cacodylate and 6.65 g/L sodium chloride, pH 7.2) The processed samples were stored at 4-8 • C up to 24 h before cytofluorometric analysis. Each assay included an internal control for autofluorescence in which the cells were incubated in the presence of PBS-0.5%BSA. Flow cytometric measurements were performed on a FACScan instrument (Becton Dickinson, Moutain View, CA) interfaced to an apple G3 FACStation. The Cell-Quest software package was used in both data acquisition and analysis. A total of 10,000 events were acquired for each preparation. Distinct gating strategies were used to select the leukocytes subpopulation as proposed by Reis et al. (2005) and Fujiwara et al. (2005) . The canine neutrophils were identified and selected based on their unique expression of CD4 cell surface marker, using FL1/anti-CD4 FITC versus SSC dot plot distributions as illustrated in Fig. 1A . The eosinophils were identified and selected based on their autofluorescence property, using non-related FL-3 channel versus FSC dot plot distributions as illustrated in Fig. 1B . Backgate strategy was further used to confirm the selection of eosinophils on FSC versus SSC dot plot distribution (Fig. 1B, inserted plot) . A specific gating strategy using anti-CD14 RPE-Cy5 versus SSC dot plot distribution was applied to select monocytes, identified as SSC Low CD14 High cells as illustrated in Fig. 1C . The lymphocyte population was identified and selected based on their morphometric (low size and low granularity) using FSC versus SSC dot plot distribution as illustrated in Fig. 1D . Following the gating strategies to select the specific leukocyte subset, the phenotypic analysis was carried out using complementary fluorescence spectra profiles. The results were expressed as percentage of positive cells within the selected gate for cell surface markers presenting bimodal distribution as illustrated for the analysis of CD32 expression by monocytes (Fig. 1E) . On the other hand, the analysis of cell surface markers presenting unimodal distribution was reported in mean fluorescence intensity (MFI) on log scale as illustrated for the unique expression of MHCII for all canine lymphocytes (Fig. 1F ).
L. chagasi soluble antigen (SLA)
Leishmania chagasi promastigote forms (MHOM/BR/1972/BH46) were grown in liver infusion tryptose medium (LIT), supplemented with 10% of fetal bovine serum (Camargo, 1964) at 24 • C. Stationary-phase parasites (8 days of growth) were transferred to 50 mL polypropylene tubes (Falcon, Becton Dickinson, San Diego) and submitted to differential centrifugation (100 × g, 10 min, room temperature) to remove remaining clusters of parasites. The supernatant was left to rest for 10 min at room temperature. The single-cell parasite suspension was transferred to another 50 mL polypropylene tube and spin down at high speed (1000 × g) for 10 min at 4-8 • C. The supernatant was discarded and the pellet washed twice (1000 × g, 10 min, 4-8 • C) with phosphate buffered saline: PBS (0.15 M, pH 7.2). After the washing steps, the single-cell L. chagasi promastigote suspension was stored at −70 • C until use. The frozen pellet was then thawed, resuspended into equal volume of cold PBS and submitted to three ultra-sound cycles of 1 min at 40 W on ice bath (Sonifier Cell Disruptor ® -Branson Sonic Power Co., EUA). The sonicated material was centrifuged at 50,000 × g for 1 h and 30 min at 4 • C. The supernatant was transferred to dialysis tubes and dialyzed through PBS for 24 h, and submitted to three PBS changes in every 6 h. The dialyzed soluble antigen was filtered in 0.22 m disposable syringe sterile filters of under aseptic conditions. One aliquot was taken for protein quantification by the method described by Lowry et al. (1951) . The final protein concentration was adjusted to 1000 g/mL. Antigen preparation was stored in 100 L aliquots at −70 • C prior the use in the in vitro cultures of peripheral blood mononuclear cells.
Canine peripheral blood mononuclear cells isolation and culture
Peripheral blood mononuclear cells (PBMC) were isolated from blood samples collected in heparin tubes previously diluted in equal volume of RPMI 1640 (Gibco, Grand Island, NY, USA) separated by a density gradient (Ficoll-Hypaque Histopaque ® 1.077; Sigma Chemical Co.) centrifuged at 700 × g for 40 min at RT. The PBMC were collected from the interface between the top plasma layer and the Ficoll-Hypaque column. Cells were than washed twice with RPMI 1640 (600 × g, for 10 min, at RT), counted and resuspended in RPMI 1640 at 1 × 10 7 cells/mL.
The culture assays were performed in 24-well flatbottomed tissue culture plates (Corning, New York, NY, USA), each well containing 800 L of cell culture medium comprising of RPMI 1640 supplemented with streptomycin (100 mg/mL), penicillin (100 U/mL), l-glutamine (2 mM), ␤-mercaptoethanol (5 × 10 −5 M) and fetal bovine serum-FBS (10%). Aliquots of 100 L of the PBMC suspension (1 × 10 6 cells/well) were added in wells following the addition of 100 L of RPMI 1640 (control cultures, CC) or 100 L of soluble L. chagasi antigen (SLA) at final concentration 25 g/mL (stimulated cultures-SLA). Cultures were submitted to incubation in 5% CO 2 humidified incubator, at 37 • C, for 5 days. Brefeldin A-BFA (Sigma, St Louis, MO, USA) was added to each well at final concentration of 10 g/mL and cultures submitted to an additional period of 4 h of incubation in 5% CO 2 humidified incubator, at 37 • C, for 5 days. At the end of incubation periods, all cultures were treated with EDTA (Sigma, St Louis, MO, USA) at a final concentration of 2 mM for 15 min, at RT. The experiment was performed in quadruplicates.
Intracellular cytokines immunostaining
EDTA-treated PBMC cultures were washed once with FACS buffer prepared as PBS supplemented with 0.5% of bovine serum albumin-BSA (Sigma, St Louis, MO, USA) by centrifugation at 600 × g for 7 min at RT. Cell pellet was resuspended with 400 L of FACS buffer and 200 L aliquots incubated in 5 mL polystyrene tubes (Becton Dickinson, Frankling Lakes, NJ, USA) in the presence of 60 L of previously diluted anti-canine CD4 or CD8 cell surface marker mAbs, labeled with FITC (SEROTEC, Oxford, UK). Following incubation for 30 min at RT, protected from light, the membrane-stained samples were treated with 3 mL of FACS Lysing/fix Solution (BD Biosciences, San Jose, CA, USA), immediately vortexed and re-incubated for 10 min at room temperature. The membrane-stained lymphocytes were then permeabilized by incubation for 15 min with 3 mL of FACS perm-buffer (FACS buffer supplemented with 0.5% of saponin). The cells were incubated for 30 min at RT, protected from light in the presence of 50 L of previously diluted anti-IFN-␥ or IL-4 mAbs, labeled with PE (SEROTEC, Oxford, UK). After intracellular staining, the cells were washed once with FACS perm-buffer, followed by one washing step with FACS buffer and finally fixed in FACS FIX Solution. FITC and PE-labeled isotypic controls were included in each batch of experiments. Flow cytometric measurements were performed on a FACScan instrument (Becton Dickinson, Moutain View, CA) interfaced to an apple G3 FACStation. The Cell-Quest TM software package provided by the manufacturer (Franklin Lakes, NJ, USA) was used for data acquisition and analysis. A total of 30,000 events were acquired for each preparation. The analysis of the cytokine profile of CD4 + and CD8 + T-cell subsets was performed by first establishing a scattering gate on the lymphocyte population, using laser forward scatter (FSC) versus laser side scatter (SSC) dot plot distributions, followed by quantification of cytokine expressing cells on FL1/FITC versus FL2/PE dot plots combinations. The cytokine + T-cell subsets were identified into the upperright quadrant on dual color graphs with the FL1/FITC axis representing immunostaining with the anti-cell surface marker FITC-labeled mAb (CD4 or CD8) and FL2/PE corresponding to the immunostaining with the anti-cytokine PE-labeled mAb (IFN-␥ or IL-4). The results were expressed as the percentage of double labeled cells (IFN-␥ + CD4 + , IL-4 + CD4 + , IFN-␥ + CD8 + and IL-4 + CD8 + ) within the lymphocyte logical gate.
Nitric oxide (NO) synthesis analysis
The concentration of nitrite (NO 2 − ) released in the supernatant of in vitro PBMC cultures was measured using the Griess reaction (Green et al., 1992) . Briefly, a 100 L aliquot of cell-free culture supernatant was mixed with 100 L of Griess reagent (1% sulphanylamide, 0.1% naphthylethylene-diamide-dihydrochloride and 2.5% phosphoric acid, all from Sigma, St Louis, MO, USA). Following 10 min of incubation at RT, protected from light, the absorbance was measured at 540 nm, using a microplate reader. Each sample was assayed in duplicate and the concentration of nitrite was determined by interpolation from a standard curve constructed using sodium nitrite solutions of known concentration in the range 0-100 M.
To discount the interference of nitrites already present in the culture medium, data were calculated taking into account the blank for each experiment, assayed by using the medium employed for the in vitro PBMC cultures. Considering the wide variation in the percentage of monocytes T0  T1  T2  T3  T0  T1  T2  T3 Neutrophils MHCII + 0.5 ± 0.2 ↑1.9 ± 0.7 ↑3.8 ± 1.6 ↑2.1 ± 0.4 0.8 ± 0.4 ↑1.6 ± 0.3 ↑3.4 ± 0.7 ↑1.8 ± 0.5 CD32 + 1.7 ± 1.7
↓0.4 ± 0.4 ↓0.4 ± 0.2 ↓0.6 ± 0.7 1.3 ± 0.8 ↓0.5 ± 0.4 ↓0.3 ± 0.2 ↓0.3 ± 0.3 CD18 + 78.7 ± 26.5
↓53.8 ± 20.4 ↓41.9 ± 7.6 ↓35.3 ± 9.3 76.7 ± 30.0 ↓47.1 ± 11.1 ↓42.3 ± 11.2 ↓35.4 ± 8.2 1.0 ± 2.1 ↓0.6 ± 0.5 ↓0.2 ± 0.1 2.3 ± 5.1 0.5 ± 0.8 0.6 ± 0.5 0.4 ± 0.6 CD18 + 64.6 ± 13.3 ↑103. * The results are expressed as the mean percentage ± standard deviation of positive cells within the gated cell population, except for CD18, which is reported as the average ± standard deviation of mean fluorescence intensity of cell surface marker expression within the gated cell population. ↓↑Significant differences at p < 0.05 as compared to T0.
(7-52%) in the PBMC samples used to the in vitro culture assays, there was a need to establish a normalizing factor to correct the level of nitrite found in culture supernatant, which was then expressed as nitrite (M)/monocyte index. This index was obtained dividing a given nitrite concentration (M) by the number of monocytes added to each in vitro PBMC culture (nitrite/monocytes).
Statistical analysis
Statistical analysis was performed using the GraphPad Prism 4.03 software package (San Diego, CA, USA). Considering the nonparametric nature of all data sets, the Wilcoxon matched pairs test was used to access significant differences on the phenotypic features and activation status of innate and adaptive immunity cells for each immunobiological tool, throughout the experimental procedures by comparing the data from the post-vaccination timing points (T1, T2 and T3) with the starting point (T0). Analysis of intracytoplasmic cytokines and nitric oxide levels were performed by ANOVA followed by Tukey's multiple comparison test to identify differences between T0 and T4 for each immunobiological tool, as well as for comparisons between the immunobiological tools. In all cases, the differences were considered significant when the probabilities of equality, p-values were <0.05.
Results and discussion
Impact of Leishvaccine or Leishmune ® on the peripheral blood innate immunity profile
Kinetic analysis of phenotypic changes in circulating neutrophils showed that dogs immunized with Leishvaccine displayed a persistent up regulation of MHCII as observed throughout the vaccination regimen at T1, T2 and T3, despite the immunogenic tool used (Table 1) . Down regulation of CD32 parallel with lower CD18 expression was also the hallmark of the phenotypic changes on neutrophils during the entire immunization procedure (T1, T2 and T3) with either Leishvaccine or Leishmune ® (Table 1 ). These data demonstrated that both immunobiological tools triggered an overall similar phenotypic change on circulating neutrophils following the vaccination regimen.
Kinetic analysis of phenotypic changes in circulating eosinophils demonstrated that dogs immunized with Leishvaccine display changes in eosinophil phenotypic features, with down-regulation of CD32 expression at T2 and T3 (Table 1) . Moreover, up-regulation of CD18 expression was observed at T1 and T2 (Table 1) . No significant differences were observed in the percentage of MHCII + eosinophils throughout the vaccination regimen, regardless the immunobiological tool (Table 1) . Dogs vaccinated with Leishmune ® did not show any phenotypic changes in eosinophils throughout the immunization regimen.
No significant difference was observed in the expression of MHCII by circulating monocytes as well as in the percentage of CD32 + monocytes in the vaccination regimens (Table 1) . Punctual down-regulation monocytes CD18 expression was observed at T3 following the immunization with Leishvaccine (Table 1) .
Together, our findings demonstrated that interventions with Leishvaccine or Leishmune ® generated a distinct immunephenotypic changes in the innate immune response profile. Leishvaccine promoted an early phenotypic changes in neutrophils (MHCII, CD18 and CD32) and eosinophils (CD32 and CD18), with late monocytes involvement (CD18). On the other hand, Leishmune ® induced an early and persistent phenotypic changes in neutrophils (MHCII, CD18 and CD32) with no alteration in eosinophils (Fig. 2 -left diagram) .
The activation of neutrophils and macrophages, relevant targets of Leishmania, represents one of the first events linked to the innate immune response to intracellular infection (Rousseau et al., 2001) . Upon their activation, neutrophils and monocytes are recruited to inflammatory foci where secrete type 1 cytokines, and play a role to drive the adaptive immune compartment toward a cellular response, necessary in parasite clearance (Vouldoukis et al., 1997; McFarlane et al., 2008) . This microenvironment up-regulate the anti-Leishmania activity, increasing the phagocytosis and parasite killing through mechanisms such as those related to oxidative burst (Vouldoukis et al., 1997) . Rousseau et al. (2001) showed that during the early phase of the infection, neutrophils are relevant in controlling L. infantum burden in the spleen. Furthermore, in L. donovani-infected mice, the depletion of the neutrophils induced a significant enhancement of parasite growth in both liver and spleen (McFarlane et al., 2008) . Indeed, these data associated with our results reinforce the hypothesis that the involvement of the innate immune response, elicited by both vaccines, could be crucial in the development of the protective immune response during Leishmania challenge. Furthermore, it is relevant point out that the adaptive cell memory following vaccination is necessary to vaccine's success (Barbiéri, 2006) . We hypothesized that the distinct antigenic nature of these immunobiological (Leishvaccine complex, crude antigen and Leishmune ® purified, FML antigen) could be closely related to the distinct immunological profile observed. The recognition of antigenic epitopes and the initiation of host defense responses by the innate immunity cells are controlled by multiple mechanisms (Iwasaki and Medzhitov, 2004) . Several recognition strategies have been described, as the pattern-recognition strategy that is based on the detection of a limited set of conserved molecular patterns (PAMPs) that are unique to the microbial world and invariant among entire classes of pathogens. The targets of the PAMPs are detected by pattern recognition receptors, namely tolllike receptors (TLRs). There are at least 10 mammalian TLRs expressed by different cell populations, considering innate response cells, the neutrophils express TLR1 through TLR10, except TLR3, eosinophils TLR1, TLR4, TLR7, TLR9, TLR10 and monocytes express TLR1 through TLR8, except TLR3 (Iwasaki and Medzhitov, 2004) . Although the interaction between Leishmania antigens and TLR in the canine innate immune cells may resemble that already described in the mouse models and in human studies, it is plausible to believe that distinct antigen composition of Leishmune ® and Leishvaccine my lead to a distinct pattern of TLR activation. In this context, in a speculative analysis, we hypothesized that the complex antigenic nature of the Leishvaccine would lead to a multiplicity of interaction with a wide range of TLRs and therefore trigger the activation of several leukocyte cell subsets within the innate immune compartment. In contrast, the FML, purified antigen from the Leishmune ® , may interact with TLR2 (molecule present in neutrophils and monocytes but not in eosinophils) and therefore trigger a selective stimulation of phagocytes.
Despite the distinct profile triggered by Leishmune ® and Leishvaccine vaccines in the innate immunity cells, it is relevant to mention that both immunobiologicals are capable to stimulate relevant innate immunity cells involved in leshmanicidal activities, such as neutrophils and monocytes that enable them to elicit a protective immune response against Leishmania infection. This was particularly demonstrated by the analysis of cell surface markers related with cell activation and migration (MHC and CD18, respectively) demonstrated that both immunobiologicals promote a recruitment of neutrophils and monocytes. This T0  T1  T2  T3  T0  T1  T2  T3 T-cells (CD3 + CD5 + ) 66.3 ± 17.9 76.8 ± 8.0 78.7 ± 7.4 75.4 ± 6.5 71.5 ± 9.7 77.1 ± 6.8 ↑81.0 ± 5.2 77.6 ± 5.6 B-cells 9.3 ± 4.4 8.8 ± 2.8 ↓7.3 ± 2.6 8.3 ± 3.6 9.8 ± 3.5 9.4 ± 3.5 8.1 ± 2.2 8.9 ± 2.6 T/B-cell ratio 7.0 ± 2.8 10.5 ± 6.7 ↑10.7 ± 2.7 10.3 ± 5.2 7.8 ± 4.3 11.6 ± 11.8 11.1 ± 3.8 10.3 ± 3.1 CD3 + CD4 + 34.7 ± 6.6 36.1 ± 7.2 36.8 ± 6.0 38.3 ± 6.1 38.9 ± 7.9 39.8 ± 6.6 41.1 ± 7.8 42.5 ± 5.9 CD3 + CD8 + 31.2 ± 8.2 31.8 ± 10.0 35.1 ± 11.2 32.3 ± 10.8 26.7 ± 5.2 28.2 ± 3.8 ↑31.6 ± 4.5 28.5 ± 3.9 CD3 + CD5 Low+ 22.6 ± 9.4 27.5 ± 10.7 28.2 ± 12.3 24.8 ± 12.5 21.8 ± 6.2 23.7 ± 4.8 ↑27.1 ± 7.4 23.6 ± 5.6 CD4 + /CD8 + ratio 1.2 ± 0.6 1.3 ± 0.5 1.1 ± 0.4 1.5 ± 0.6 1.5 ± 0.5 1.4 ± 0.3 1.3 ± 0.4 1.5 ± 0.3 CD4 + CD18 + * 1.5 ± 2.3 1.1 ± 0.9 0.6 ± 0.4 ↑1.9 ± 1.1 1.1 ± 1.0 0.6 ± 0.3 1.0 ± 0.7 1.1 ± 0.9 CD4 + MHCII + 45.5 ± 8.9 ↑ 64.9 ± 27.8 44.3 ± 10.0 ↓35.5 ± 9.8 48.7 ± 10.9 57.8 ± 21.8 46.8 ± 9.2 ↓36.5 ± 10.7 CD8 + CD18 + 0.5 ± 1.7 1.0 ± 0.7 ↑14.4 ± 7.9 3.9 ± 1.9 0.3 ± 0.4 0.48 ± 0.3 ↑10.4 ± 7.7 ↑3.9 ± 2.7 CD8 + MHCII + 54.3 ± 20.8 62.6 ± 27.5 44.5 ± 12.1 ↓39.1 ± 12.7 47.9 ± 12.8 52.0 ± 18.3 ↓43.5 ± 11.1 ↓41.7 ± 15.2 CD32 + B-cells 8.6 ± 9.9 5.8 ± 6.1 ↓1.9 ± 2.9 3.4 ± 2.7 5.8 ± 8.9 3.4 ± 2.8 2.2 ± 2.0 2.6 ± 2.0 * The results are expressed as the mean percentage ± standard deviation of positive cells within the gated cell population, except for MHCII, which is reported as the average ± standard deviation of mean fluorescence intensity of cell surface marker expression within the gated cell population. ↓↑Significant differences at p < 0.05 as compared to T0. ability suggests their capacity to induce immunoprotective mechanisms regarding CVL immunoprophylaxis.
Impact of Leishvaccine or Leishmune ® on the peripheral blood adaptive immunity profile
Kinetic analysis of phenotypic changes in major subpopulations of circulating lymphocytes demonstrated an up-regulation of T-cells with parallel increase on circulating CD8 + T-cells were the outstanding phenotypic feature at T2 following Leishmune ® vaccination (Table 2) . Moreover, a selective up-regulation of CD3 + CD5 Low+ T-cells was observed particularly at T2 following Leishmune ® vaccination (Table 2) . Additional analysis has further addressed the positive correlation between CD3 + CD5 Low+ T-cells and the percentage of circulating CD8 + T-cells following Leishmune ® vaccination (data not shown). On the one hand, down-regulation of B-cells with consecutive upregulation of T/B cell ratio was observed at T2 following Leishvaccine immunization (Table 2) .
Additional analysis of T-lymphocyte subsets revealed that changes in CD18 + CD4 + T-cells at T3 and MHCII expression by CD4 + T-cells at T1 and T3 with transient up-regulation of CD18 + CD8 + T-cells at T2 and MHCII expression by CD8 + T-cells at T3, are the hallmark of Leishvaccine immunization (Table 2) . On the other hand, Leishmune ® vaccination was associated with a transient down-regulation of MHCII + CD4 + T-cells at T3 and a persistent up-regulation of CD18 + CD8 + T-cells and decreased expression of MHCII by CD8 + T-cells at T2 and T3. Downregulation of CD32 expression on B-cells was observed at T2, selectively in dogs immunized with Leishvaccine, whereas no changes were observed in dogs vaccinated with Leishmune ® (Table 2) .
Together, our findings regarding the immunophenotypic features of circulating leukocytes summarized in Fig. 2 , demonstrated that the vaccine interventions (Leishvaccine and Leishmune ® ) also triggered distinct changes in the adaptive immunity cells. In fact, whereas Leishvaccine promoted a mixed immune response, associated with early changes on CD4 + T-cells (MHCII), followed by B-lymphocytes (CD32) and later changes in CD8 + T-cells (MHCII and CD18), the Leishmune ® promoted a distinct immune response, associated with late changes on CD4 + Tcells (MHCII) and persistent changes on CD8 + (MHCII and CD18) (Fig. 2 -right diagram) . It is relevant to mention that although the immunobiologicals triggered distinct phenotypic changes in the adaptive immunity cells, both were capable to induce changes on CD8 + T-cells that are considered to be the major element in the protective mechanisms for CVL immunoprophylaxis. The ability of Leishvaccine to induce a mixed pattern of immune response with parallel involvement of CD4 + T-cells and B-lymphocytes further support our hypothesis that the complex antigenic constitution of this immunobiologic characterized by the whole L. amazonensis crude antigen is probably the main element underlying the broader immunogenic profile of Leishvaccine. We believe that the preferential activation of T-cells by Leishmune ® , specially CD8 + T-cells and CD3 + CD5 Low+ cells is mostly related to the purified nature of the antigen constituent of the Leishmune ® . We supposed that saponin adjuvant facilitates FML transference into intracellular compartments and therefore it could be processed and presented by antigen presenting cells using the MHCI pathway. Moreover, another possibility is that CD8 + T-cells may be activated by foreign antigens throughout a "crosspriming" mechanism, since APCs (antigen presenting cells), especially dendritic cells, can internalize foreign antigens and present them to CD8 + T-cells (Brossart and Bevan, 1997) . It was also demonstrated that even inside the phagosome, exogenous antigens can be presented to CD8 + T-cells by MHCI molecules expressed by professional APCs (Houde et al., 2003) . It is relevant to point out the relevance that has been given to the role of CD8 + T-cells in CVL. Many stud-ies have showed the CD8 + T-cells recruitment importance in protection against CVL (Barbiéri, 2006) . As presented by Pinelli et al. (1994) the CD8 + T-cells play a pivotal role in the protective immunity during the infection with L. infantum. These authors have observed that CD8 + T-cells are not only capable to generate a potent immune response mediated by the secretion of IFN-␥ but also are effective to lysate L. infantum infected macrophages. Moreover, Pinelli et al. (1994) have also evidenced the dependence of CD8 + T-cells effectiveness with the activity of CD4 + T-cells. In fact, some studies have demonstrated that the cytokines microenvironment created by CD4 + T-cells play a role to direct the immune response in the cellular and humoral immunity pathways (Vouldoukis et al., 1997; Kemp et al., 1999; Barbiéri, 2006) . Our data demonstrated that both Leishvaccine and Leishmune ® induced increased levels of IFN-␥ + T-cells as compared with unvaccinated dogs, in both CC and SLA cultures (Table 3 ). This phenomenon was selectively observed in CD4 + T-cells with no changes in the frequency of IFN-␥ + CD8 + T-cells (Table 3) . It was interesting to notice that Leishmune ® showed no significant levels of IL-4.
Increased percentages of IL-4 + CD4 + T-cells were observed in the CC culture of PBMC from Leishvaccine immunized dogs compared to unvaccinated controls (Table 3) . Moreover, higher levels of IL-4 + T-cells (specifically CD8 + T-cells) were observed in the SLA cultures of PBMC from Leishvaccine immunized dogs as compared to unvaccinated dogs as well as with Leishmune ® vaccinated animals (Table 3) .
Increased IFN-␥ + /IL-4 + T-cells ratio was selectively observed in the SLA cultures of PBMC isolated from Leishmune ® vaccinated dogs. Interestingly, this increased IFN-␥ + /IL-4 + T-cells ratio was also higher as compared to that observed in the CC culture of PBMC obtained from these animals. As previously mentioned, the distinct profiles of immune response elicited during vaccination with Leishvaccine and Leishmune ® could be associated with vaccines antigenic molecular nature. Therefore, the multiplicity of interactions induced by Leishvaccine, consistent with the complex nature antigen of L. amazonensis used as the immunogenic basis of this vaccine, would be the basis for the mixed cytokine profile observed in the PBMC cultures. On the other hand, the single nature of the purified antigen, used in Leishmune ® vaccine, corroborates with its selective profile in the activation of PBMCs and the selective cytokine network observed.
It has been demonstrated that the cellular immune responses mediated by IFN-␥ and TNF-␣ are predominant in asymptomatic dogs and therefore it has been pointed out as an apparent biomarker of resistance in visceral leishmaniasis (Barbiéri, 2006) . On the other hand, there are increasing evidences that regulatory cytokines, such as IL-4, may be associated with progressive disease in Leishmania infected dogs (Barbiéri, 2006) . Interestingly, even though IL-4 expression was not previously found to be significantly elevated in the bone marrow of L. infantum infected dogs, higher expression was associated with the presence of more severe clinical signs (Quinnell et al., 2001 ). Moreover, IL-4 expression in skin biopsies obtained from Leishmania infected dogs was found to be significantly higher than in similar samples taken from uninfected dogs and was correlated with increased parasite load in skin lesions (Brachelente et al., 2005) . Therefore, we believe that the IL-4 triggered by the Leishvaccine could represent a drawback phenomenon that could impact the macrophage activation and somehow the parasite survival and replication. Studies of first generation vaccines, prepared with Leishamania crude antigens, combined with a range of distinct adjuvant combinations are currently under investigation Table 3 Cytokines and nitric oxide synthesis in vitro by peripheral blood mononuclear cells from German Shepherd dogs following Leishvaccine and Leishmune by our group in order to evaluate whether the IL-4 induced immune response would be avoided by specific adjuvant (Giunchetti et al., 2007 (Giunchetti et al., , 2008a . In fact, adjuvants are effective to orientate distinct patterns of immune response triggered during vaccination intervention (Aucouturier et al., 2001) . In this context, the formalin-killed Bacille Calmette-Guérin (BCG), adjuvant used in Leishvaccine, has been demonstrated to play a role in the activation cellular immune response and up-regulate both type 1 and type 2 cytokines secretion (Lalor et al., 2010; Xing and Charters, 2007) . In our work we believe that the BCG associated with the complex antigen of L. amazonensis used in Leishvaccine could help the establishment of a mixed response, with changes in cells activation markers of innate and adaptive cellular immunity. Additionally, the saponin, adjuvants used in Leishmune ® , induces a strong cytotoxic CD8 + Tcells response, associated with a type 1 modulate cytokine profile 1 (Scott et al., 1985; Kensil, 1996; Rajput et al., 2007) . These data are in agreement with our results that showed a preferentially involvement of CD8 + T-cells in dogs tested with Leishmune ® .
Despite the particularities in the cytokine synthesis triggered by Leishvaccine and Leishmune ® , it was relevant to notice that the analysis of the cytokine balance demonstrated that increased IFN-␥ + /IL-4 + T-cells ratio could be observed in the CC cultures of PBMC isolated from all vaccinated dogs, regardless the immunobiological used (Table 3) . Together, our data on the functional features regarding the cytokine mosaic, summarized in Fig. 3 , illustrated that the Leishvaccine immunization conducted to a mixed profile (may referred as Th1/Th2) with the increase of IFN-␥ and IL-4 production (Fig. 3 -left diagram) , while Leishmune ® immunization leaded to a unique profile (may referred as Th1) with the increase of IFN-␥ expression and consequently the increase of T-lymphocytes IFN-␥ + /IL-4 + ratio (Fig. 3 -right diagram) . Together, our cytokine findings highlighted that both immunobiologicals display potential applicability to drive type-1 cytokine profile, presumably protective against CVL.
It has been suggested that the IFN-␥-induced nitric oxide (NO) pathway mediated by monocytes/macrophages is one of the major effector mechanism involved in the protective immune response in dogs infected with Leishmania (Panaro et al., 2001 ). Thus, we have analyzed the nitrite levels in the supernatants of PBMC cultures (i.e. considering the peripheral blood monocytes as the major source) to estimate the NO production by circulating monocytes (NO/Monocyte index). The results revealed that Leishmune ® vaccinated dogs displayed in the CC cultures, higher NO/Monocyte index as compared to unvaccinated and Leishvaccine immunized dogs. In the SLA cultures, the NO/Monocyte index from Leishmune ® vaccinated was selectively higher as compared to unvaccinated dogs (Table 3 ; Fig. 3 ). These findings re-emphasize that Leishmune ® has the ability to activate phagocytes and support its high-quality immunogenic potential against CVL. On the other hand, the impaired NO production by circulating monocytes in Leishvaccine immunized dogs could be explained by the high levels of IL-4 + T-cells.
Conclusion
Then based on our data we can conclude that a distinct immunological profiles were elicited by Leishvaccine and Leishmune ® , with the first inducing a mixed cytokine pattern with increased levels of IFN-␥ and IL-4, whereas the second induced an immunological pattern characterized by enhanced levels of IFN-␥ and NO. Furthermore, it should be emphasized that both immunobiologicals are able to activate phagocytes and CD8 + T-cells and therefore could be considered priority vaccines with a high-quality immunogenic potential against CVL. These findings support further investigations focusing on perspectives of antigenic composition rational improvement as well as the adjuvant nature used for these vaccines formulation that might impact their immunoprophylactic effectiveness in the management of CVL.
